Objective: Previously recorded rates of obesity in the Baltic Republics have been among the highest in the world although little is known about how they vary within the population. This study investigates the distribution of body mass index (BMI) and obesity in these countries. Design: Three cross-sectional surveys conducted in the summer of 1997. Setting: Estonia, Latvia and Lithuania. Subjects: Representative national samples of adults with measured weight and height (Estonia: n = 1154; Latvia: n = 2292; Lithuania: n = 2096). Results: Between-country differences are particularly large among women: women from Latvia and Lithuania are approximately three times as likely to be obese as those from Estonia (17.4%, 18.3%, 6.0% respectively); only about one-third of this difference is explained by the sociodemographic and behavioural factors studied. In men, the prevalence of obesity varied only slightly among countries (Estonia: 9.9%; Latvia: 9.5%; Lithuania: 11.4%). While the prevalence of obesity increases with age within each republic, particularly in women, it is not associated with nationality or urban/ rural region, and no consistent association is observed with income. Obesity is inversely related to education in Latvia and in Lithuanian women. Latvian men and women and Lithuanian men who smoked had a lower prevalence of obesity than non-smokers. Leisure time physical activity was not associated with obesity. Conclusions: Obesity is a major health problem in the Baltic Republics, particularly among Latvian and Lithuanian women. The lack of association between obesity and most demographic, socioeconomic and behavioural factors suggests that the problem is generalized. Health promotion strategies aiming at preventing and controlling excess weight gain in the Baltic Republics will need to target the general population.
There is now a large volume of evidence showing that obesity is strongly associated with rates of total mortality, with those having a BMI greater than 30 kg m −2 (the standard definition of obesity) typically experiencing a relative risk of death that is more than double that of people of average weight [1] [2] [3] . Obesity is associated specifically with a range of common non-communicable diseases, such as hypertension 4 , cardiovascular disease 5, 6 , stroke 7 , certain cancers 8, 9 and diabetes mellitus 10, 11 . Obesity is an issue of particular concern in the Baltic Republics and in other parts of the former Soviet Union, where data from multinational surveys have found rates that are among the highest in the world. For example, data from the WHO MONICA study, collected between 1983 and 1988, placed the five centres in the former Soviet Union among the top six positions of 48 centres world-wide in terms of female obesity, with Kaunas in Lithuania occupying the highest position 12 .
Among men the position of the former Soviet centres was not so bad, although here Kaunas ranked third overall.
These countries also have extremely high levels of many of the diseases associated with obesity. For example, the age-standardized death rates per 10 000 people from ischaemic heart disease in 1994 were 410 in Estonia, 406 in Latvia and 397 in Lithuania, which contrast with the European Union average of 117 13 . However, while overall rates have been described, an effectively targeted public health strategy requires more detailed information, such as the distribution of obesity within the population. In this paper we describe the results of three surveys that address this question and that were undertaken in the Baltic Republics in 1997.
Methods
Surveys were conducted in each country during the summer of 1997. Each survey sought to include a representative sample of the national population aged between 19 and 64 years in Lithuania). In each country, the sampling frames were the National Population Registers. All interviews were conducted in the individuals' own homes in the national language or in Russian.
In Estonia, a simple random sample of 3000 individuals, stratified by age, was drawn from the register. Interviewers did not return to a house if there was no reply. Substitution was allowed if the response rate in the county in question was less than 60%. Overall, less than 5% of individuals, in seven counties, were substituted. Interviews were conducted by public health specialists, nutritionists and individuals with previous interviewing experience. Each attended a 1 day initial training session. The response rate was 67.3% and the final sample size was 2108.
In Latvia, two-stage sampling was used to draw a sample of 3000 persons from the National Population Register. The first sampling stage selected a sample for each of the 26 regions in Latvia according to population size. In the second stage, random samples within strata were selected. The exception was for the city of Riga, where there appeared to be problems with the population register data, with a disproportionate number of people registered with ages over 60. Consequently, in Riga, the second stage sample was also stratified by age group. Interviewers were recruited from the regional environmental health centres. Substitution was not permitted and interviewers would return to an address up to five times. Each interviewer received training. The response rate was 77.7% and the final sample was 2331.
In Lithuania, a sample of 3000 names was drawn at random from those individuals listed on the National Population Register who were living at addresses in Lithuania and who were aged between 20 and 65. Interviewers were mainly assistants working in hygiene stations, who underwent an initial training session. In most cases the interviewers returned to an address on multiple occasions if they were unable to find the subject. There was no substitution. The response rate was 72.7% and the final sample size included 2182 respondents.
The proportion of men and women in the final samples was similar to that found in the general adult population of each country based on Statistical Yearbook data (1997 for Estonia and Latvia, and early 1998 for Lithuania -data available upon request). However, in Estonia, the respondents tended to be slightly younger than the general adult population; in Latvia and Lithuania they were slightly older. The distribution of the study groups by area of residence and nationality compared favourably with those of the general population.
Interviews included three parts: a 24-hour recall of dietary intake, the administration of a standardized questionnaire, and the measurement of height and weight. Results from the 24-hour recall are not described in this paper. The interviewer-administered questionnaire was developed and agreed by all countries. It was translated by professional translators from English into Estonian, Latvian, Lithuanian and Russian. Each country used the same Russian version of the questionnaire. The questionnaire covered demographic and socioeconomic characteristics (sex, age, nationality, educational achievement, income), health behaviours (cigarette smoking, physical activity level at work and during leisure time), selected dietary habits (e.g. vegetable intake, type of water used, etc.) and dietary beliefs. Respondents were also asked about their height without shoes and their weight without clothes or shoes. Nationality was classified as that of the native population, Russian or 'other'; the latter essentially equated to Ukrainian or Belarussian, or, in Lithuania, to Polish. The income variable related to average income per family member per month. In each country, it was divided into four categories based on selected national criteria for the poverty level, with the lowest category considered to be living in severe poverty. In Estonia, the cut-off point used for this lowest category was equivalent to the 'minimum basket for living' in 1997 (ϽUS$75 person −1 month
−1
). In Latvia and Lithuania, as salaries are lower than in Estonia, a cut-off point of ϽUS$50 person −1 month −1 was selected.
Measurements of height and weight were performed by the interviewers according to standardized procedures, with respondents without shoes in light clothing. Body mass index (BMI) was calculated as the weight in kilograms divided by the height in metres squared. Patterns of body weight described in this paper are based on measured height and weight. Standard definitions of relative body-weight status were used (underweight: BMI Ͻ 18.5 kg m ; normal: BMI 18.5-24.9; overweight: BMI 25-29.9; obese BMI у 30) 14 .
In this study, we excluded pregnant women and respondents who did not have their height and weight measured. The numbers of male and female respondents in Latvia and Lithuania (Table 1 ) allowed a relative precision of between 15% and 28% (a = 0.05) for prevalence estimates between 5% and 15% in men and women 15 . However, the precision level decreased in the case of Estonia where a large proportion of respondents did not have their height and weight measured.
Data were analysed using the statistical package STATA version 5.0 (College Station, Texas). Between-country differences in unadjusted mean BMI and in the distribution of respondents by body-weight status were assessed using analyses of variance (with Bonferroni multiple comparison tests) and chi-square tests. As age and sex were strong determinants of obesity, the results were adjusted for age and they were presented separately for men and women. Age-adjusted means and proportions were calculated as the values predicted by the regression model with age held at its mean value. The odds of being obese according to a range of sociodemographic and behavioural variables were calculated using multiple logistic regression analyses with adjustment for all of the other variables. Log e -transformed values of BMI were used in the statistical analyses so that the skewness of the regression residuals was close to zero; transformed values were returned to their original units in the results section.
Results
The unadjusted mean BMIs and distribution of respondents by body-weight status are shown in Table 1 . In each republic, the unadjusted mean BMI and prevalence of obesity increase with age. The increase in the prevalence of obesity is particularly striking in women: in Estonia, the prevalence is 12 times higher in women aged 50 years and over than in women less than 35 years old, in Latvia it is six times higher, and in Lithuania it is five times higher. In men, the prevalence of obesity increases with age by more than 50% in Estonia, it more than triples in Latvia and it more than doubles in Lithuania.
Among men, mean BMI is slightly higher in Lithuania and Latvia than in Estonia although the difference is only significant when all age groups are combined. Among women, there is rather more diversity. In all age groups, mean BMI is significantly higher in Latvia and in Lithuania than in Estonia. While there are relatively small differences in the distribution of BMI values in men (Fig. 1) , the distribution of the whole population is shifted to the right in women from Latvia compared with women from Estonia, and it is shifted slightly further to the right in women from Lithuania (Fig. 2) .
When the combined prevalence of overweight and obese people (BMI у 25 kg m −2 ) is examined, over 40% of men from Estonia and more than half the male respondents from Latvia and Lithuania have an excess weight. This is the case in 30% of women from Estonia, in 50% of those from Latvia and in 51% of those from Lithuania. Excess weight is particularly prevalent in women aged 50 years and over in Latvia and Lithuania, three-quarters of them being overweight or obese. There are rather more obese men among the over fifties in Lithuania than in the other countries. Among women, the proportion who are obese in Latvia and Lithuania is almost three times that in Estonia. The difference is especially marked in women aged under 35, with over four times as (Table 2) , except for Russian men living in Latvia and Lithuania who were significantly less likely to be obese than Russian men living in Estonia (P Ͻ 0.05). Table 3 shows the age-adjusted prevalence of obesity and the odds ratios for the likelihood of being obese in each country in relation to a range of sociodemographic variables. Consistent with the results in Table 2 , there is no clear relationship with nationality in either men or women. In Latvia and Lithuania there is a clear increase in the likelihood of obesity with age in men (test for trend: P Ͻ 0.01) and a suggestion that this is also the case in Estonia although the difference does not reach statistical significance. In women, the odds of obesity increases significantly with age in all three countries (test for trend: P Ͻ 0.001). There is no significant urban-rural difference in men and women and no consistent pattern with income. However, in Latvia, women in the highest income group are more than twice as likely to be obese than those in the lowest income group, and in Estonia, women in the third income category are eight times less likely to be obese than those in the lowest income group. In Latvia, men with a secondary education or university degree are significantly less likely to be obese than men with lower education levels. In women, the likelihood of obesity is inversely related to educational achievement in both Latvia and Lithuania (test for trend: P Ͻ 0.05); in Estonia, there is a tendency for women with higher educational achievement to be less obese than women having only primary level education but the differences do not reach statistical significance. In Latvia and Lithuania, men who are current smokers are less than half as likely as non-smokers to be obese. A similar finding is observed in women from Latvia. In Lithuania, the likelihood of obesity is inversely related to the level of physical activity at work in men (test for trend: P = 0.008); men engaged in sedentary work are twice as likely to be obese as those in semisedentary or moderate/heavy work. There is no consistent pattern with leisure-time physical activity in either men or women. However, there appears to be a non-significant inverse relationship between leisure-time physical activity and obesity in Estonia.
Forward regression analyses were performed to Patterns of body weight in the Baltic Republics investigate whether between-country differences in the prevalence of obesity in women could be explained by selected sociodemographic factors and health behaviours (Table 4) . When variations in age, educational achievement, leisure-time physical activity level and income status are taken into account, the difference in the odds of being obese between Estonia and Latvia decreases by 39% and the difference between Estonia and Lithuania by 33%. However, the differences remain significant.
Discussion
For the first time, these data provide evidence about the distribution of body weight in national samples in the Baltic Republics. The proportion of women in Lithuania who are obese is lower than in the earlier MONICA sample. This could conceivably be due to differences in sampling and it cannot be assumed that the difference is due to a real change. The rates for men in the two studies are broadly comparable. The present study demonstrates a general shift to the right in the distribution of BMI in women from Latvia and Lithuania compared with women from Estonia, and corresponding higher rates of obesity. In contrast, rates of obesity in Estonia, at least among young women, compare favourably with those in countries such as Sweden 16 and the Netherlands 17 , although even here there are no grounds for complacency. The difference in the prevalence of obesity between women from Estonia and those from Latvia and Lithuania could not be explained entirely by the sociodemographic and behavioural factors investigated in this study. Only approximately one-third of the difference is explained by variations in age, educational achievement, leisure-time physical activity level and income status, and the odds of being obese remain twice as high in Latvia and Lithuania than in Estonia after adjusting for these variables.
Within each country, the prevalence of obesity does not vary significantly with ethnicity. Furthermore, contrary to findings reported by other researchers 18 , there is no consistent variation in the odds of being obese according to demographic and socioeconomic characteristics, suggesting that the problem affects most population subgroups in the Baltic Republics. The only exception is for the inverse relationship between education level and the likelihood of obesity in women (although not significant in women from Estonia) and in men from Latvia.
In accordance with findings from other investigators [18] [19] [20] , smoking is associated with a lower prevalence of obesity in some respondents, that is, men and women from Latvia, men from Lithuania, and a suggestion that this is also the case in men from Estonia. However, the odds of being obese is seldom related to physical activity level at work or during leisure time [20] [21] [22] . This lack of association could be related to the fact that the questionnaires used in the surveys included only general questions on physical activities. More detailed assessment of physical activity level in men and women from the Baltic Republics will be necessary for the development of effective strategies for the prevention of obesity.
The steady increase in mean BMI and in the prevalence of obesity with age in all three countries suggests that the underlying effects of weight gain with age could accentuate the risks of cardiovascular diseases in the Baltic states. It also suggests that obesity prevention in young adults should be a primary goal in health promotion strategies in order to prevent weight gain with ageing.
In conclusion, this study suggests that obesity is a major health problem in the Baltic Republics, particularly among women in Latvia and Lithuania. The lack of association observed between obesity and most demographic, socioeconomic and behavioural factors studied suggests that the problem is more generalized than expected and that health promotion strategies aiming at preventing and controlling excess weight gain in each Baltic Republic will need to target the population as a whole. A more complete exploration of the correlates of obesity in the Baltic Republic, including more precise assessments of modifiable lifestyle behaviours such as physical activity and dietary intake, would contribute not only to understanding the determinants of obesity in these countries but also to defining what strategies are most likely to be effective in preventing and reducing obesity in each republic. Finally, the establishment of national surveillance systems of obesity in the Baltic Republics would facilitate the planning of preventive and obesity management programmes in order to prevent any upward trend in the prevalence of obesity in these countries.
